BACKGROUND: A multicentre epidemiological survey was carried out in order to determine the prevalence of, and risk factors for, persistent cervical human papillomavirus (HPV) infection in women in Hungary. METHODS and RESULTS: A total of 728 women were examined for the prevalence of HPV. The estimated overall rate of HPV infection was 17%. In univariate analysis the strongest predictors were young age (≤24 years), unmarried family status, smoking, a pathological Papanicolaou (Pap) smear, having a condyloma and previous gynaecological cancer in the family (age and marital status being the most important predictors). In multiple regression analysis, young age (≤24 years) (odds ratio ⍧ 1.86, 95% confidence interval ⍧ 1.19-2.90, P < 0.01), smoking (1.78, 1.17-2.71, P < 0.05), an abnormal Pap smear (6.92, 2.68-17.84, P < 0.001), having a condyloma (4.22, 1.42-12.58, P < 0.01) and living in a region where the unemployment rate is relatively high (1.56, 1.24-2.82, P < 0.01) were associated risk factors for HPV infection. CONCLUSIONS: The prevalence of HPV infection in young women in Hungary is high. Screening for HPV is suggested only in women with an unfavourable gynaecological history who are ≤24 years old.
Introduction
The human papillomaviruses (HPV) are regarded as some of the most important agents of cervical carcinoma (Kiviat, 1996) . The prevalence of cervical carcinoma in a given population is relatively low compared with that of HPV (Koutsky, 1997) . It is thought that carcinoma of the cervix can develop as a consequence of HPV infection, but that other factors are also involved. The epidemiological situation of sexually transmitted infections varies to a great extent in different countries and in different populations within a country (Ostor, 1993) .
There is no nationwide registration of HPV in Hungary. In some research centres HPV diagnostic methods have been carried out, but the results are poorly documented.
In order to determine the prevalence and some of the risk factors for persistent cervical HPV infection in asymptomatic women in Hungary a two-centre epidemiological survey was carried out.
Materials and methods

Study groups
Cervical samples were collected from fertile women treated at the Department of Obstetrics and Gynaecology of the University of Szeged (Eastern Hungary) and at the Department of Obstetrics and Gynaecology of Imre Haynal University of Health Sciences (Western Hungary) from March-June 1997. Colposcopy was carried out in each case as a part of the gynaecological examination.
A questionnaire interview was performed during the clinical examination. Questions pertained to the age, occupation, lifestyle, sexual practice, health status, etc. of the patients. Participants had a cervical specimen taken for Papanicolau (Pap) cytology and HPV testing.
HPV hybrid capture assay
Sampling, sample transport and HPV DNA determination were performed according to the assay kit instructions (HPV-HCA, TevaBiogal RT, Vaci ut, Budapest, Hungary). In each case, sampling for cytological purposes preceded sampling for molecular diagnostics. The sensitivity and specificity of this method are estimated to be 60 and 88% respectively (Deák et al., 2000) . Since these are not perfect, Bayes' theorem was applied to estimate the prevalence of the infection. According to Bayes, the probability of disease (P[Dϩ]) can be expressed as follows (Rogan and Gladen, 1978) :
where P(Tϩ) is the probability of a positive test frequency, P(Tϩ|Dϩ) is the probability of disease given a positive test result (sensitivity), and P(T-|D-) is the probability of lack of disease given a negative test result (specificity). Bayes' theorem allows a sample- based estimate of prevalence to be corrected for imperfect sensitivity and specificity.
Statistical analysis
The envisaged sample size was calculated using Hsieh's formula (Hsieh, 1989) . Assuming a 5% level of significance, a power of 90% and a 10% prevalence of the infection in the population, this resulted in a sample size of 627 women. Data management was carried out with self-developed software and statistical analyses with the Statistics Package for Social Sciences software package (version 9.0). Statistical methods used were the χ 2 test including Yates' correction and Student's t-test. To obtain an overview of the risk, the data were cross-tabulated in several ways and multiple logistic regression analysis with dichotomous responses (according to HPV negative or positive results) was performed to differentiate between subgroups with various degrees of high risk. A probability level of P Ͻ 0.05 was considered statistically significant.
Results
A total of 728 women were examined for the prevalence of HPV. The observed overall average HPV infection rate was found to be 20.1%. However, with Bayes' correction the overall estimated prevalence of HPV infection was 16.9%.
The difference between the mean ages of the HPV-infected patients (27.8, 95% confidence interval [CI]: 26.5-29.1 years) and the non-infected women (32.1, 95 CI: 31.3-32.9 years) was statistically significant (P Ͻ 0.001). The results of the univariate unadjusted analysis of risk factors for HPV infection are shown in Table I . The strongest demographic predictors were young age (ഛ24 years) and unmarried family status, which are related to each other. Nevertheless, living in a region where unemployment rate is higher, smoking, having a condyloma, pathological Pap smear and previous gynaecological (cervix, endometrium carcinoma) cancer in the family were all significantly associated with infection.
In the multiple regression analysis complete information was available for 701 subjects. Comparing the full model (including all variables in the study) with other models (including reduced numbers of interactions between variables) the best model was the following (five variables were resulted as being independent predictors). The Hosmer and Lemeshow statistics for assessment of the goodness-of-fit model had a value of 9.05 with 8 df (P ϭ 0.338). Odds ratios (OR) for each of the five were calculated. Young age (ഛ24 years old) (OR ϭ 1.86, 95 PCI ϭ 1.19-2.90, P Ͻ 0.01), smoking (1.78, 1.17-2.71, P Ͻ 0.05), an abnormal Pap smear (6.92, 2.68-17.84, P Ͻ 0.001), having a condyloma (4.22, 1.42-12.58, P Ͻ 0.01) and living in Eastern Hungary, where the unemployment rate was relatively high (1.56, 1.24-2.82, P Ͻ 0.01), were significant predictors of HPV infection.
Discussion
Cervical carcinoma is a significant health problem worldwide, being the second most common cancer among women, ranking first in many developing countries. In 1996 Ͼ15 000 new cervical carcinomas were detected (Rogers et al., 1999) . Cervical cancer is estimated to cause 500 000 deaths each year worldwide (Bosch et al., 1995) . The public health impact of controlling precursor cervical lesions and cancer is potentially huge, especially in developing countries where the incidence of cervical cancer approaches 40 per 100 000 women. A number of important epidemiological risk factors have been identified as contributing to the development of invasive cervical carcinoma (Burk et al., 1996; Ylitalo et al., 2000) . Of key importance is infection with HPV, which is the primary risk factor. Pathogenesis suggests new strategies for preventing and treating cervical dysplasia and cancer (Parkin, 1997; Lawson et al., 1998) .
It is necessary to estimate the true prevalence of HPV infection because detection and treatment of asymptomatic cases have a major impact on the incidence of HPV infection, these asymptomatic individuals being an active source of new infections (Kadish et al., 1997; Lacey et al., 1999) . In epidemiology, several methods have been suggested to correct for measurement error. In our analyses, a Bayesian approach was employed for such correction.
This cross-sectional study investigated the associated factors relating to genital HPV. The overall prevalence of positive test HPV cases among 728 women was 20.1%, which corresponds to a corrected estimated infection rate of 16.9%. There were significant differences in the proportions of HPV infection in the different regions. A significantly higher HPV infection rate was identified in the Eastern region of Hungary (27.7%), where an increased rate of unemployment has been observed over the last few years. Additionally, in our survey, women ഛ24 years of age exhibited a particularly high risk of infection. Similar to others, we found that the risk of an abnormal Pap smear increased with persistent HPV infection (Brisson et al., 1994; Ho et al., 1998) .
The follow-up of HPV-positive cases of our study (unpublished data), in accordance with literature, confirm that the risk of HPV infection can be reduced and the subsequent risk of cervical cancer lowered by a later start of sexual life, a monogamous marriage or permanent relationship and a nonsmoking lifestyle (Moscicki et al., 1998) .
